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1
CAPILLARY TUBE FLOW CELL

TECHNICAL FIELD

The present invention relates to a capillary flow cell used in
liquid chromatographic analyses and, 1n particular, 1n analy-
ses at very low flow rates.

BACKGROUND OF THE ART

In analyses at very low flow rates, capillary tube tlow cells
have been frequently used because of their high detection
sensitivity.

For example, capillary tube flow cells are often used when
mass spectrometers are used as detectors for the capillary
clectrophoretic process and liquid chromatograph and, 1n par-
ticular, when the detection of absorbance, fluorescence, etc. 1s
performed.

In a method described 1n the U.S. Pat. No. 5,057,216, a
capillary tube 1s inserted 1nto an optical passage, the capillary
material 1s soitened by heating both ends of the capillary tube,
and the two ends are bent and formed 1n the shape of the letter
7. or U, whereby a capillary flow cell 1s fabricated.

And for this bending, the Japanese Patent Laid-Open No.
2002-26759°7 describes a bending method which involves
threading a capillary tube through a fine tube, supporting this
fine tube 1n a sandwiched manner between top and bottom
beds which are obtained by division into top and bottom
portions, this apparatus being called a fine tube fixing holder,
heating both ends of the fine tube, and causing the capillary
tube outside the beds to droop down under 1ts own weight,
whereby bending 1s performed.

In a case where a flow cell in which a capillary tube 1s used
1s adopted and light 1s caused to become incident 1n the same
direction as the direction of a flow passage of the capillary
tube, 1t 1s possible to ensure an optical passage length of
several millimeters, and this enables detection sensitivity to
be improved.

In conventional methods of fabricating a flow cell 1n which
a capillary tube 1s used, 1t 1s necessary to exioliate a polyimide
coating ol a portion which transmits light by use of a gas
burner and the like and after that, the capillary tube 1s bent and
tormed 1n the shape of the letter U or Z.

However, because of the minimization of flow rate these
capillary tubes have become increasingly small and clogging
has become apt to occur. At the same time, because of the
diversification of samples, 1t 1s necessary to change the diam-
eter of capillary tubes and hence the necessity of replacement
of capillary tubes has increased. However, the replacement
work 1s very difficult and requires specialized knowledge and
experience and 1n addition, it takes time to replace capillary
tubes. Therelore, general users cannot easily replace capillary
tubes. In particular, 1t takes time to adjust an optical system of
a capillary tube, thereby making analysis operations difficult.

Furthermore, in bending a capillary tube, 1t 1s necessary to
provide a slit 1n the portion of a capillary tube from which a
polyimide coating has been extoliated, thereby to cut off light
other than the light in the optical axis (stray light). However,
it the slit diameter 1s too small on this occasion, detection
noise increases because the quantity of transmitted light of
the capillary 1s small.

Furthermore, when transmitted light 1s supplied and, in
particular, when incoming light 1s weak, an increase 1n the
noise of a detector becomes a serious problem 1n perfor-
mance. In addition, because very low flow rates are handled in
liquid chromatographic analyses in which a capillary tube 1s
used, flow velocities become low. Therefore, 1t takes time to
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perform analyses 11 the piping 1s long, thereby bringing about
changes due to temperature, quantity of light, etc. and there 1s
a possibility that accurate detection may be impaired.

For this reason, simple replace means of capillary tubes 1s
needed.

SUMMARY OF THE INVENTION

Therefore, 1n a flow cell in which a capillary tube 1s used, it
1s an object of the present invention to provide a capillary tube
which any one can replace easily and 1n a short time without
requiring any adjustment when 1t 1s necessary to replace the
capillary tube.

Also, an object of the present invention 1s to ensure that by
enabling a capillary flow cell to be spaced from the body of a
detector, with the result that the capillary flow cell can be
disposed near both the column and the LC/MS interface, that
piping can be shortened, that the shortest connection among
flow cell, column and LC/MS 1nterface become possible, that
it becomes possible to place the capillary flow cell in an oven,
and that detection 1s stable even 1f varying temperature.

Also, an object of the present 1invention 1s to ensure that
even when incident light 1s weak, high detection sensitivity
and low noise can be realized and that incident light can be
received by use of an optical fiber.

The capillary tube flow cell of the present mnvention 1s a
capillary tube flow cell in which a liquid sample 1s delivered
and exposed 1n a desired incident light for analysis purposes,
characterized by comprising a capillary tube which has a bent
portion for incident light and a bent portion for emergent light
and 1n which a linear passage of appropriate length 1s formed
between the bent portions, a passage portion of the capillary
tube being inserted 1nto a slit and the slit being provided with
a light pass preventing portion.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized in that the light pass preventing
portion 1s formed in ring shape and fitted into the slit or
formed 1n the slit.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized in that a pipe having a diameter
through which the capillary tube passes 1s used as the slit.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized 1n that the slit 1s formed so that the
slit has a diameter which 1s 0.05 to 1 mm larger than the
capillary tube.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized in that through holes are formed on
both side surfaces of a cell body, that a lens holder which
holds a ball lens 1s placed insertable and fixable 1n the through
hole, that a wall 1s formed between the through holes, that a
groove 1s formed in the wall that a capillary tube 1s installed
by use of a pipe type slit which 1s mserted through the groove,
and that the capillary tube 1s fixed by a tube holder.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized in that the groove 1s a triangular
groove.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized 1n that the cell body 1s covered with
a thermally 1nsulating synthetic resin cover.

Also, the capillary tube flow cell of the present invention 1s
characterized in that there 1s provided a capillary tube 1n
which a cell body has a capillary tube which has a bent portion
for incident light, a bent portion for emergent light and a
passage between the bent portions 1n a cell body, that a cap-
illary tube unit 1s constituted by positioning ball lenses 1n
face-to-face relationship with the bent portion for incident
light and the bent portion for emergent light each outside the
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bent portions, one of the ball lenses being removably pro-
vided with a light incidence unit having a light supply portion
in communication with a light source and the other ball lens
being removably provided with a sensor unit having a sensor.

Furthermore, the capillary tube flow cell of the present
invention 1s characterized in that the removable light 1nci-
dence unit 1s connected to the light source and the capillary
tube unit by use of an optical fiber and that the capillary tube
unit 1s connected to LC/MS.

According to the present invention described above, there
1s provided a capillary tube tflow cell 1n which a liquid sample
1s delivered and exposed 1n a desired incident light for analy-
s1s purposes, which comprises a capillary tube which has a
bent portion for incident light and a bent portion for emergent
light and 1n which a linear passage ol approprate length 1s
formed between the bent portions, a slit being inserted into a
passage portion of the capillary tube and the slit being pro-
vided with a light pass preventing portion. Therefore, light
introduced into the capillary tube can be focused on a lumen.
For this reason, even 1n the case of weak light such as from an
optical fiber, it 1s possible to avoid an increase 1n the noise of
a detector which might be achieved with an increase 1n the
quantity of light, so that high sensitivity and low noise can be
realized even 1n the case of weak incident light. Furthermore,
stray light can be cut off by the ring and the focusing of light
1s promoted. For this reason, 1t has become possible to use an
optical fiber 1n spite of 1ts weak 1ncident light.

Furthermore, there 1s provided a capillary tube 1n which a
cell body has a capillary tube which has a bent portion for
incident light, a bent portion for emergent light and a passage
between the bent portions 1n a cell body, that a capillary tube
unit 1s constituted by positioning ball lenses in face-to-face
relationship with the bent portion for incident light and the
bent portion for emergent light each outside the bent portions,
one of the ball lenses being removably provided with a light
incidence unit having a light supply portion 1n communica-
tion with a light source and the other ball lens being remov-
ably provided with a sensor portion unit having a sensor.
Theretfore, because light can be introduced and incident on
the capillary tube by use of an optical fiber, the capillary tube
unit be can be spaced from the body of a detector. As a result
of this, the shortest connection among tlow cell, column and
LC/MS mterface becomes possible when the detector 1s used
as a monitor of LC/MS. Also, 1t becomes possible to place the
capillary flow cell into an oven, and detection performance
which 1s stable even at varying temperature can be exhibited.

The greatest advantage of the present invention described
above 1s that the capillary tube and the ball lens are integrated
as the capillary tube unit, and that this capillary tube unit 1s
formed so as to be connectable to and separable from the
sensor portion unit and the light incidence unit, whereby the
capillary tube unit can be replaced easily as a complete part
without requiring any adjustment of the optical system.

For this reason, any one can easily prevent the clogging of
the capillary tube and exchange with a desired flow cell
according to flow rates.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic explanatory diagram of the present
imnvention;

FIG. 2 1s a diagram to explain the behavior of incident light
in a lumen of the tlow cell;

FIG. 3A 1s a diagram to explain the converging condition of
incident light 1n the present invention;

FIG. 3B 1s a diagram to explain a different converging
condition of incident light in the present invention;
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FIG. 4A 1s a diagram to explain the bending of a capillary
tube;

FIG. 4B i1s a diagram to explain the bending of a capillary
tube;

FIG. 4C 1s a diagram to explain the bending of a capillary
tube;

FIG. 5A 1s a partial explanatory view of a slit portion in an
example of the present invention;

FIG. 5B 1s a partial explanatory view of a slit portion in an
example of the present invention;

FIG. 6 1s a partial explanatory view of a unit portion 1n an
example of the present invention;

FIG. 7 1s a partial exploded slant view of a capillary tube
unit portion 1n an example of the present mnvention;

FIG. 8 1s an exploded plan view of this portion;

FIG. 9A 1s an exploded enlarged view to explain this por-
tion;

FIG. 9B 1s an exploded enlarged view to explain this por-
tion;

FIG. 9C 1s an exploded enlarged view to explain this por-
tion;

FIG. 10 1s a partial longitudinal enlarged view to explain a
unit portion in an example of the present ivention;

FIG. 11 1s an exploded longitudinal enlarged view to
explain a capillary tube unit portion 1n an example of the
present invention;

FIG. 12 1s a front view of a capillary tube unit portion in an
example of the present invention;

FIG. 13A 1s a partially enlarged longitudinal view to
explain a light incident unit;

FIG. 13B 1s a partially enlarged longitudinal view to
explain a light incident unit;

FIG. 14 1s a schematic explanatory view of an optical
system ol a conventional cell portion;

FIG. 15 1s a chromatogram obtained n an experiment
conducted using an optical system of the present invention
and a conventional optical system:;

FIG. 16 1s a chromatogram obtained mn an experiment
conducted using an optical system of the present invention
and a conventional optical system with and without a ring;

FIG. 17 1s a schematic explanatory view of an example 1n
which the present invention 1s connected to LC/MS;

FIG. 18 15 a schematic explanatory view of an example 1n
which the present invention 1s connected to LC/MS and an
oven 1s used; and

FIG. 19 1s an explanatory view of a case where this oven 1s
used.

DETAILED DESCRIPTION OF THE DRAWINGS

Heremafiter, the present invention will be described 1n
detail by using examples shown in the drawings.

First, the basic configurations shown in FIGS. 1 to 3B are
described.

The reference numeral 1 denotes a capillary flow cell and
formed 1n the shape of the letter U or Z by bending and
forming a capillary tube 2. The capillary tube 2 1s a fused
silica tube and 1s coated with a polyimide resin. A first bent
portion 1s called a bent portion for incident light 21 and a
second bent portion 1s called a bent portion for emergent light
22. A linear passage portion between the bent portion for
incident light 21 and the second bent portion for emergent
light 22 1s called a lumen portion 23.

For the formation of the two bent portions, as shown 1n
FIGS. 4A to 4C, a portion to be bent 1s iserted into a long
pipe 3 and the capillary tube 2 at pipe 3 ends 1s heated and bent
(F1G. 4A). The reason why the long pipe 3 1s used 1n the
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working 1s that during the working of one side of the capillary
tube 2, a flame for hot forming 1s prevented thereby from
reaching the opposite side of the pipe 3 so that umintended
portion 1s not changed 1n shape. During the hot forming, the
polyimide coating of the capillary tube 2 1s exioliated.

Because 1n the portion of the capillary tube 2 covered with
the long pipe 3, the polyimide coating cannot be exfoliated,
the polyimide coating 1n this portion must be exfoliated (FIG.
4B). The length of the portion from which the polyimide
coating 1s exfoliated 1s enough 11 1t 1s longer than the optical
path length, 1.¢., the lumen 23 plus 2 mm or so.

Next, the capillary tube 2 1s inserted into the pipe 4 which
1s used as a slit. A desired length of the pipe 4 1s a little shorter
than the optical path length and 1 mm to 2.5 mm shorter than
the optical path length.

If the pipe 4 has a high thermal conductivity, this 1s conve-
nient for the forming of the capillary tube. Therefore, a metal
pipe, for example, a stainless steel pipe 1s used.

The side of the capillary tube 2 which has not been bent 1s
heated and bent (FIG. 4C).

A ring 41 which has the same mnner diameter as that of the
pipe 4 or little smaller mnner diameter than that of the pipe 4
and an outside diameter larger than a trnangular groove, which
will be described later, 1s attached to one side or both sides of
the pipe 4. In this case, the same effect 1s obtained also from

a flanged pipe (FIGS. SA and 5B).

A desired inner diameter of the pipe 4 15 0.05 to 0.7 mm or
so larger than the outside diameter of the capillary tube 2.
Detection sensitivity increases with decreasing inner diam-
cter of the pipe 4. However, noise also increases with decreas-
ing mner diameter of the pipe 4. In this example, a pipe 4
having an 1nner diameter of 0.8 mm was used for an outside
diameter of the capillary tube 2 of 0.375 mm.

When the slit 1s formed as a through hole as 1n the optical
system ol the cell portion, the ring 41 can be installed adjacent

to the through hole.

The reterence numerals 51, 52 denote a ball lens. The ball
lens 51 and the ball lens 52 are mstalled in face-to-face
relationship, respectively, with the bent portion for incident
light 21 and the bent portion for emergent light 22, each on
their installed sides. The ball lens 51 1s installed 1n such a
manner that the transmitted light 1s focused on a lumen por-
tion 23, and the ball lens 52 1s installed so that it efficiently
sends rays of light which have passed the lumen portion 23 to
a detection section 6.

It 1s preferred that the ball lens 51 be installed to ensure that
light collides against the wall surface of the capillary tube 2 as
little as possible and that parallel rays possibly pass the lumen
portion 23.

For this purpose, the ball lens 51 1s installed i such a
manner that the light which enters the ball lens 1s focused on
the bent portion for incident light 21 of the capillary tube 2, in
particular, immediately before the slit 4, 1.¢., at the entry (FIG.
3A).

In the capillary tube 2 bent 1n the form of the letter U or Z,
a bending radius R occurs 1n the bent portion for incident light
21 and the bent portion for emergent light 22. I incident light
1s Tocused on this bent portion for incident light 21, the light
radiates and dissipates 1n directions other than the direction of
the lumen portion 23, resulting 1n a large loss of light. There-
fore, 1t 1s necessary to prevent this. Also, because of the use of
the ball lens 51, when 1ncident light 1s introduced directly on
the outer surface of the bent portion for incident light 21, 1t 1s
necessary to prevent the light from being reflected and the
quantity of light passing through the lumen portion 23 from

decreasing.
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A construction for this purpose was devised to install the
ball lens 51 and to focus the light immediately before the slit

4.

EXAMPLES

Next, examples shown 1n FIGS. 6 to 11 will be described.

The reference numeral 7 denotes a capillary tube unit,
which 1s an example of a concrete construction in which the
capillary tube 2 and ball lenses 51, 52 shown 1n FIG. 1 are
built. The capillary tube 2 i1s formed in the shape of the letter
U in FIG. 6, and a capillary tube 2 formed 1n the shape of the
letter 7. 1s used 1n other figures. The capillary tube unit 7 1s
connected to a sensor system unit 8 on one side and to a light
incidence unit 9 on the other side.

The capillary tube unit 7 will be described with reference to
FIGS. 6 to 11.

The capillary tube 2 1s formed 1n the shape of the letter U or
7., the slit 4 1s inserted 1n the lumen portion 22, and the rings
41, 41 are formed on both ends.

The capillary tube unit 7 1s constituted by a cell body 71
formed 1n the shape of a cylindrical column and a synthetic
resin cover 72 which covers the outside of the cell body 71. It
1s preferred that synthetic resins having heat insulating prop-
erties, such as polyacetal, PEEK and polycarbonate, be used
as this resin cover 72. It 1s convenient that this cover 72 is
formed 1n the shape of a semi-doughnut of almost the same
shape and supports the cell body 71 in a sandwiching manner
thereby to fix the cell body.

Owing to this construction the capillary tube unit tolerates
to change 1n ambient temperature and 1t 1s unnecessary to
control the temperature of the capillary tube unit by placing 1t
in an oven. In the cell body 71, a semicircular notched part 70
having an appropriate width 1s formed in the middle part.
Through holes 74, 74 which house inserted lens holders 8, 8
are drilled from both sides to the center of the cylindrical
column and a groove 76, in which the slit 4 1s placed, 1s
formed 1n a wall 75 between the two through holes 74, 74.

Grooves 73, 73 in which the capillary tube 2 1s placed when
the slit 4 of the capillary tube 2 1s placed 1n the groove 76
formed 1n a wall 75 are formed 1n a notched part 70 so as to
provide communication with the wall 75 and the U-shaped
capillary tube 2 1s placed on the groove 76 and the grooves 73,
73. In mstalling the Z-shaped capillary tube 2, as shown 1n
FIGS. 10 and 11, the grooves 73, 73 are formed symmetri-
cally with respect to the groove 76.

Subsequently, the capillary tube 2 1s fixed by use of holding
plates 77, 78 which hold the slit 4 and screws etc. On that
occasion, 1t 1s recommended that for the holding plate 77, the
grove 76 be a triangular groove and that a triangular groove
771 be formed so as to match the grove 76. Also, 1t 1s recom-
mended that the notched part 70 be covered with a plate body
having the shape of a semicircle.

It 1s also possible that these holding plates 77, 78 or the
semicircular plate body covering the notched part 70 1s
tformed integrally with the portion forming the remaining part
of the cell body 71.

The ball lens 51 or 52 1s 1nstalled on a lens holder 33 and
lens covers 54 are placed on the ball lens, whereby the ball
lens 31 or 52 1s fixed.

The groove 76 and a triangular groove 781 formed 1n the
holding plate 78 hold the slit 4, identifies the position of the
lumen portion 22 of the capillary tube 2 and cause the lumen
portion 22 of the capillary tube to coincide with the optical
axis. For this reason, the positions of the ball lens 51, the
lumen portion 22 and the ball lens 52 are correctly determined
without any adjustment.
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It 1s recommended that in fixing the capillary tube 2, the
capillary tube 2 be protected by coating a synthetic resin pipe
25.

In using the capillary tube 2, light from the light source 1s
introduced 1nto the capillary tube 2 via the ball lens 51 while
a sample solution 1s caused to flow 1nto the capillary tube 2.
Efficient supply of light 1s performed without waste because
the light 1s focused immediately belore the bent portion for
incident light 21 of the capillary tube 2 and slit 4 by use of the
ball lens 51 and because radiant light parallel to the optical
axis 1s given to the lumen portion 22 of the capillary tube 2.

When light 1s introduced into the capillary tube 2, the light
1s transmitted through the interior of the capillary tube 2
because the refractive index of the liquid 1s larger than the
refractive index of the air (n=1) around the capillary tube 2

(FIG. 2).

On that occasion, by increasing the inside diameter of the
slit 4, 1t 1s possible to increase the quantity of light and to
reduce noise.

The slit 4 1s accurately positioned by forming the groove 76
of the cell body 71 and the groove 771 of the holding plate 77
as triangular grooves, whereby positioning was made unnec-
essary. On that occasion, however, there was a fear that a gap
would occur between the slit 4 and the grooves 76 and 771. IT
in this case, light other than the light 1n the optical axis (stray
light) comes 1n, this leads to a decrease 1n the sensitivity. For
this reason, the ring 41 which cuts off stray light was adopted.

Although 1n FIGS. 6 and 10, the capillary tube unit 7, the
sensor portion unit 8 and the light incidence unit 9 are con-

nected together, they are each connectable by use of holes for
pin 79, 79 as shown 1n FI1G. 12.

In the sensor portion unit 8, a sensor 81 1s set on a bed 83
and a function of transmission 82 to the detection section 6 1s
imparted according to each sample. In the light incidence unit
9, a through hole 92 1s formed 1n a bed 91 and an optical fiber
93 15 inserted 1nto the through hole.

The leading end of this optical fiber 93 1s in contact with the
lens cover 534 end which holds the ball lens 51 of the capillary
tube unit 7.

A light receiving section 10 to the optical fiber 93 1s formed
by 1nserting the optical fiber 93 end into a through hole 102
provided 1n a fiber holder 101 and fixing the optical fiber 93
end to the through hole 102. An optical passage 105 1s formed
at right angles to the through hole 102 end, a plan mirror 103
1s 1nstalled at an angle of 45 degrees to this optical path 105
and the through hole 102, and a plane-convex lens 104 1s
installed on the optical path 105 by use of a lens holder 106,
with the plane-convex lens 104 set in face-to-face relatlonsth
with the light source.

According to the above-described construction, by use of
the optical fiber 93, it 1s possible to cause light to become
incident on the lumen portion 23 of the capillary tube 2 via the
ball lens 51. In general, when light 1s supplied from an optical
fiber, incident light 1s weak and usually line noise 1s large.
Theretore, 1t 1s difficult to use an optical fiber. In the present
invention, the slit 4 1s installed 1n the lumen portion 23 and the
quantity of light 1s increased. Therefore, 1t 1s possible to
reduce the line noise of a detector and hence an optical fiber

can be used.

However, detection sensitivity decreases i1 the diameter of
the slit 4 1s too large. Therefore, 1t 1s necessary to select an
appropriate slit. In the present mvention, 1n the case of a
capillary tube having an 1nside diameter of 0.075 mm and an
outside diameter of 0.375 mm, a pipe having an 1nside diam-
eter of 0.08 mm and an outside diameter of Y1s Inch was used.
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In the case of this slit 4, light departing from the optical axis
can be positively cut by the ring 41, thereby contributing to a
decrease 1n the line noise of the detector.

FIGS. 17, 18 and 19 will be described.

In FIG. 17, the capillary tube unit 7 1s connected to a light
source of a UV detector 201 by the optical fiber 93 via the
light incidence unit 9, and the capillary tube 2 is connected to
a pump 204 via an injector 202 and a pipe 203. The capillary
tube unit 7 1s connected to LC/MS 205.

FIGS. 18 and 19 show an example 1n which the capillary
tube unit 7, the light incidence umit 9 and the sensor portion
unit 8 are housed 1n an oven 206. That 1s, the capillary tube
unit 7, the light incidence unit 9 and the sensor portion unit 8
are built 1n the oven 206, and connected to a light source via
the optical fiber 93 1n the same manner as 1n FIG. 17, and the
capillary tube 2 of the capillary tube unit 7 1s connected to the
pump 204 via a column 207, the pipe 203 and the 1njector 202.

The shortest connection 1s possible by making the column
207 and the LC/MS very close to the capillary tube unit 7.
Each of the units and the column can be 1nstalled 1n the oven.
However, 1t 1s not always necessary to install the tflow cell 1n
the oven because the capillary tube unit 7 1s covered with a
thermally insulated matenal.

Example 1

As the present invention the structure shown 1n FIG. 1 was
used and as a prior art the structure shown in FI1G. 14 was used
as an optical system which causes light to become incident 1n
a direction orthogonal to the capillary tube flow passage. A
comparative experiment of absorbance was conducted under
the following conditions.

Conditions
Wavelength: 254 nm
Mobile phase: MeCN/H,0=65:35
Flow rate: 5 ul/min
Standard sample for evaluation: Sample solution contain-
ing acetophenone, benzene, toluene and naphthalene 1n
(MeCN/H,0=65:35)
Column: Inertsil® ODS-3 (0.3 mm 1.d.x15 cm)
Column temperature: Room temperature (23° C.)
As a result, the chromatogram shown in FIG. 15 was
obtained.
The difference 1n absorbance 1s obvious, and the present
invention exhibited higher sensitivity and peak height.

Example 2

The structure of the present invention shown in FIG. 1 was
used and the structure shown in FIG. 1 from which the ring 41
was removed was used. A response experiment of an absor-
bance detector was conducted under the following condi-
tions.

Conditions
Response of detector: 0.1 sec and more
Wavelength: 254 nm
Mobile phase: MeCN/H,0O=65:35

Flow rate: 5 ul/min

Column temperature: Room temperature (23° C.)

As a result, the chromatogram shown in FIG. 16 was
obtained.

The difference 1n the base line noise 1s obvious, and 1n the
present invention the noise 1s kept in a low level and stability
1s good.

The capillary tube flow cell of the present mvention 1s
usetul 1 analyses at very low tlow rates. This capillary tube
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flow cell 1s particularly useful 1n a flow cell 1n which a capil-
lary tube 1s used, because any user can perform replacement
of capillary tubes easily and 1n a short time without requiring
any adjustment when this replacement 1s necessary.

The mvention claimed 1s:

1. A capillary tube flow cell in which a liquid sample 1s
delivered and the liquid sample 1s exposed 1n a desired 1nci-
dent light for analysis purposes, the capillary tube flow cell
comprising:

a capillary tube which has a first bent portion for incident
light and a second bent portion for emergent light, and a
linear passage of a pre-determined length formed
between the bent portions,

a shit having a portion preventing stray light passage,
wherein a portion of the linear passage of the capillary
tube 1s inserted into the slit and wherein said portion
preventing stray light passage 1s formed 1n a ring shape
and fitted onto the slit or formed adjacent to the slit.

2. A capillary tube tlow cell 1n which a liquid sample 1s
delivered and the liquid sample 1s exposed 1n a desired 1nci-
dent light for analysis purposes, the capillary tube flow cell
comprising:

a capillary tube which has a first bent portion for incident
light and a second bent portion for emergent light, and a
linear passage of a pre-determined length formed
between the bent portions,

a slit having a portion preventing stray light passage,
wherein a portion of the linear passage of the capillary
tube 1s inserted 1into the slit and wherein the slit1s formed
as a pipe having an mnner diameter through which the
capillary tube passes; and

a cell body having through holes formed on both side
surfaces of the cell body,

a lens holder which holds a ball lens placed insertable and
fixable 1n the through hole,

a wall formed between the through holes,

a groove formed 1n the wall, and

a tube holder,

wherein the capillary tube and the pipe type slit are inserted

through the groove, and the capillary tube 1s held by the
tube holder.

3. A capillary tube flow cell 1n which a liquid sample 1s
delivered and the liquid sample 1s exposed 1n a desired 1nci-
dent light for analysis purposes, the capillary tube flow cell
comprising;

a caplllary tube which has a first bent portion for incident
light and a second bent portion for emergent light, and a

lincar passage of a pre-determined length formed
between the bent portions;

a shit having a portion preventing stray light passage,
wherein a portion of the linear passage of the capillary
tube 1s inserted 1into the slit and wherein the slit1s formed
as a pipe having an mnner diameter through which the
capillary be passes;

a cell body having through holes formed on both side
surfaces of the cell body;
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a lens holder which holds a ball lens placed msertable and
fixable 1n the through hole;

a wall formed between the through holes;

a groove formed 1n the wall; and

a tube holder;

wherein the capillary tube and the pipe type slit are inserted
through the groove, and the capillary tube 1s held by the
tube holder; and

wherein the groove 1s a triangular groove.

4. A capillary tube flow cell 1n which a liquid sample 1s

delivered and the liquid sample i1s exposed 1n a desired 1nci-
dent light for analysis purposes, the capillary tube tlow cell
comprising:

a capillary tube which has a first bent portion for incident

light and a second bent portion for emergent light, and a

linear passage of a predetermined length formed

between the bent portions;

a slit encompassing at least a portion of the linear passage,
the slit being formed as a pipe having an inner diameter
through which the capillary tube passes, an inner diam-
cter of the pipe being 0.05 to 1 mm larger than the outer
diameter of the capillary tube;

at least one ring portion formed with the slit or adjacent to
the slit, the ring portion preventing stray light passage
when the capillary tube tlow cell 1s 1n use.

5. The capillary tube flow cell according to claim 4, turther

comprising:

a cell body having through holes formed on both side
surfaces of the cell body,

a lens holder which holds a ball lens placed insertable and
fixable 1n the through hole,

a wall formed between the through holes,

a groove formed 1n the wall, and

a tube holder,

wherein the capillary tube and the pipe type slit are inserted
through the groove, and the capillary tube 1s held by the

tube holder.
6. The capillary tube flow cell according to claim 3,

wherein the groove 1s a triangular groove.

7. The capillary tube tlow cell according to claim 5,

wherein the cell body 1s covered with a thermally insulated
synthetic resin cover.

8. The capillary tube flow cell according to claim 4,

wherein a capillary tube unit 1s constituted by positioning a
plurality of ball lenses 1n face-to-face relationship with
the bent portion for incident light and the bent portion for
emergent light each outside the bent portions, one of the
ball lenses being removably provided with a light inci-
dence unit having a light supply portion 1n communica-
tion with a light source and the other ball lens being
removably provided with a sensor portion unit having a
SeNsor.

9. The capillary tube flow cell according to claim 8,

wherein the removable light incidence unit 1s connected to the

55 light source and the capillary tube unit by use of an optical

fiber and that the capillary tube unit 1s connected to a LC/MS.

G ex x = e
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